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THE REACTIONS OF FREE RADICALS IN SOLUTICN
A TECHNIGAL TFhCGREES REPdRT
ONR CONTRACT
Iowa State College

George S. Hammond, Jyotirindra N. Sen,
George B. Lucas and John Tanaka

During the period from Msrch 15, 1951 to the present time
work under this project has been conducted with three general
objectives. The first is the investigation of the reactions
of the primary products of thermal decomposition resascticns in
crder to help establish generalizations concerning relative
reactivity and mschanism in free radical reactions. The gsecond,
while ncvel and highly interesting in its own right, is actually
a necessary step in the interpretation of our results in terms
of our first objective. This is the study of effects which sare
unique to thermal decomposition in that they are dus toc the
occurrence cf diftusion controllsd reactions of two primary
decomposition products with each other. The last cbjective has
been the study of the reactions of friphenylmethyl with various
organic compounds in the hope that information could be obtained
which would shed light on the behavior of more resasctive radicals.
Progress toward the first two objectives may be considered
normal and gratifying. The third line of endeavor has been
disappointing in thet a great deal of time has been expended
in a reinvestigation of the bshavicr of triphenylmethyl in the

r

prescnce of nilirobenzens, Reaults which were reporiod cariis
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by Dr. Raave have been impossible to repeat with the result
thet implications of considerable significance which had pre-
viocusly been drawn must now be ccnsidered to be unfounded.

It is hoped that the work can be continued and a proposal
has been submitted tc the National Science Foundation with the
hope that that agency will be able to support a continuation
of these studies. The generous support of the 0ffice of Naval
Research has been much appreciated. Without such support much
of our work would have veen Impossible, Thrse post-doctoral
iellows have been employed on the projsct. They are Dr. Louis
Soffer, now senior chemist at Abordeen Proving Cround, Dr. Raave
whose present connection is unknowan, and Dr. Jyotirindra N. Sen
who is on leave of absence from ths Calcutta Institute for the
Advancement of Sciencs. One graduate student, Dr. George B.
Lucas, has completed a doctoral dissertation from his studies
and hes been granted his Ph.D. degree. He is at present a
senior chemist with the Redstone Arsenal Ressarch Division of
the Rohm and Haas Company. A second student, Mr. John Tanska,
has made a substahtial start on his doctoral ressarch under
the contract. In additior. Dr. Charles E. Boozer whu has been
employed under snother greant has contributed to the work by
supplying data on the rate of decompositicn of azo-bis-isobutyro-
nitrile in various solvents and by helpful consultation.

Part of the work 1s reported and discussed in a copy of a

long gbstract whish has been accepted by the Physical and
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Inorganic Division of the American Chemical Soclety for presen-
tation at the Kansas City Meeting in Merch. This paper ig, in
essence, a first draft of a manuscript which we hope to subait
for publication in the near future. Manuscripts &re also in
preparation which will report thie studies of the polymerizatiocn
of methacrylonitrile and of the decomposition of azonitriles

in the presence of chloranil. Publication on ths latter subject
is to be delayed, however, as Dr. Lucas is currently checking
related results racently reported by othsr workers which ére
surprising in the light cf our observations. Other work must

be further alsboraited before it is suitable for publication.

Experimental

Toluene {Baker and Adamson, Ree~ent Grade) was distilled
through a six«foot column packed with giass helices. The
fraction boiling at 109-110° {uncorr.) was used in subsequent
work.

Cumone {Fastman Kodak White Label) was distilled using a
Vigreux still head. The liquid boiling at 151.5-152%(uncorr.)
was stored over calcium metal chips and used throughout.

Tetralin (Eastman Kodak White l.abel) was distilled at

91°/18 mm. through a six-feot helix pzikcd columme.

Chlorobenzene (Paragcu Division, Matheson Chemical Co.)

wa3 used without further purification.
Chloranll (Eastman Kodak Yellow Label) wWas recrystallized

from glacial acetic acid and dried over soc.am hydroxide in a

vacuum desiccator.
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Azo-bis-diethylacetonitrile was prepared by the method

of Dox(l)e The yield wes 60 per cent, mep. after two

(1) A. Dox, J. Am. Chem. Soc., 47, 1473 (1925).

recrystallizations from ethanol, 74-5%.

Azo-bisg-1sobutyronitrile was prepared by the method

of Dox (1) in 70 per cent yleld. After two recrystallizations
the product melted at 101-20°,

6), W'-Azo-bis-foluene - was prepared by the method of Bickel

and Waters (2). The product was never obtained in a high state

(2) Bickel and W. A. Waters, Rec. Trav. Chim, 69, 312 (1950).

of purity but seemed to be ccntaminated by a high melting
by-product (Y127-30°) which was belleved to be benzelbenzyl-
hydrazone., However, sftsr a number of recrystallizations from
95 per cent ethancl in a dry ice-acstone bath, a product melte
ing at 31-3° [iit. (Zil was obtained.

Di-t-butyl peroxide, donated by the Shell Deveiopment

Corporation, Emeryville, Zalifornia, was distilled through a
Ll pleate glass center-rod column (45°/20 mm.) before use.

Cunene hydroperoxide (79 per cent in cumens) donated by the

Hercules Powder (Company was purified by first precipitating the
sodium salt by shaking with 50 per cent agueous sodium hydroxide
and neutralizing exactly with 2N sulfuric acid (3). After

(3) Hock and Lang, Ber., 77, 257 (134k).




ﬁpﬁm»wmﬂwwﬂli(

TET, b Ltk A

»

APt e

o -.-—-L'vwbn e

e ———— e ——————— — o

e LrH

washing with pctassium carbonsate solution to insure complete
removal of acid, the materisl was distilled at 410/0901 MM,
The product gave 98 per cent of the theoretical iodometric titer,

Cumyl alcohol was prepared by the method of Kharasch et. al. (4)

¥. S. Kharasch, Fono and Nudenberg, J. Org. Chem., 16, 113,
(1951).

from cumene hydroperoxide. The product, after distillation
through the center-rod coclumn end three recrystallizations from
petrscleum sther, melted at 36-36.5°.

DidM@ cumyl percxide wes prepared by thermal decomposit.on

of cumene hydropercxide in €-cumyl alcohol at 95° (5). Although

(5) M. S. Kharasch, Fono and Nudenberg, 1bid. 15, 753 (1950).

it 1is reported that near quantitative yields can be obtained
we were abls to obtain only 5-10 per cent. After recrystalli-

zavion from ethancl in a dry-ice-acetone bath the product

.malted at 39.0-39.500

t-Butyl hiydroperoxide was prepared by the method of Milas

and Surgenor (6). It was separated from the dislkyl peroxide

(6) Milas and Surgenor, J. Am. Chem. Soc., 68, 207 (1946].

by precipitation of the sodloum selt end neutralization with
2N sulfuric acid.

Decomposition of Azo-bis-diethylacstonitrile in Toluene.

Three and threce tenths g. (0.015 mole) azo-nitrile was dissolved
in 50 ml. toluene and the solution was refluxed for 15 hours.

The toluene was then stripped under reduced pressure at head
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temperaturss beiow .JC% After 3-4 hours at room temperature . 1

the residue depcaited crystals of tetraethylsuccinoaitrile.

The distillation of toluens was then resumed and after the

D e i D

removal of a small amount & second crop of dinitrile wés obtained.
The total yield was 2.09 g. (73 per cent) which melted at 47-48°
after recrystallization from ethanol-water. Neither the dis-
tillete nor recrystallization residues appeared to contain
sym-diphenylethane.,

Deccmposition of Azo-bis-diethylacetonitrile In Toluense

containing Chloranil. Two and two tenths g. (N.01l0 moles)

of Azo-bis-diethylacetonitrile and 2.48 g. (0.010 g.) chloranil
were dissclved in 100 ml. %toluene ané netted at reflux for 15
hours. The solution was then cooled and extracted with five
per cent aqueous sodium hydroxide until the extract was color-
less. The extract was deep red in color due to the formaticn
of chlorénilic acid. Upon aridification with five per cent
hydrochloric acid a dirty orown solid was precipitated. After

repeated recrystallization from glacial acetic acid this pro-

duct gave white crystals of tetrachlorohydroquinone monobenzyl

ether. The yield was 0.

\F

Y g. {16 per cantl. Ansl. neles. fon
- L=] » fad & Y Lkt 4 - - w -

013H8°2Clu’ C, 46.3; H,2.47; C1,42.1; found; C,L46.6; H,2.48;
Cl, 41.6 (7).

(7 All analyses by Drs. Weiler and Straus, Microanalytical
Laboratory, Oxford, Bngland.

%

The organic layer from the extiraction was steam distilled

e oM et

and the distillate which contalned all of the toluene was




extracted with ether and the extract was dried over anhydrous
sodium sulfate. After drying, the toliusne-ether mixture was
distilled under reduced pressure as in the rrevious experiment,
The residue, worked up as in the control, gave 0.6 g. (31 per
cent) tetraethyisuccinonitrile.

The residue from the steam distillation was recrystallized
from a large volume of ethanol and gave 1l.55 g. (45 per cent
t:ased on azonitrile) tetrachlorohydroquinone di-(3-cyano-3~
pentyl) ether, m.p. 166-7°. Anal. calc. for C18H2002N2C1y, 5
Co 49.3; H, L4.56; C1, 32.4; N, 6.39; found C, 50.1; H, L.42;
Cl, 31.7; N, 6.32.

Decomposition of Azo-bis-diethylacetcnitrile in Chlorobenzene

Containing Chloranil. The reacticn was carrled out and products

were 1solated by & procedure essentially ldentical with that

described above for the experiment in toluene. The phenolic
product obtained was not identical with that obtained in toluene
4 solution and, on the basis of elementary analysis, was assigned
] the structure tetrachlorohydroquinons mono(3-cyano-3-pentyl)

Gther, MePoe 1650- Anal. calc. for C-LZHIIOZNC].&; N, “»008; Cl. l‘.{.lou;

founi; N’ j.l.ol(; Cl, L},Oo?o

| : Yields and material balance are included in Table TJ.

| % Decomposition of Azo-bls-isobutyronitrile in toluene con-

taining Chloranil., The decomposition was carried as above.

\ The solution after heating was extracted with 10 per cent
aqueous sodium hydroxide. On acidificaticn the extract gave an

oot amorphous precipitate. The s0lid was separated into two
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constituents by fractional crystallization from glaclal acastic

acid. The less scluble constituent was the monobenzyl ether

of tetrachlorohydroquinone identical with the material produced

in the similar experiment with Azo-bis-diethylacetonitrile.

Samples from the two runs gave no mixed melting point dsproscicn
and had identical infrared spectra. The mother liquors from

the separation of the benzyl ethaer gave a9 material which was
amorprous but had an infrared gpectrum identical with fhat of an
authentic sample, The s5,.s~trum showed no significant sbsorption
at 13.25 microns showing the absence of the monobenzyl ether.

The steam distillatse from the reaction mixture was examined
for bibenzyl in the following manner. The last fracticn from
the recrystallization of tstrameihylsuccinonitrile was driea
and the infrared spectrum was determined in a Nujol mull. The
spectrum was identical to that of pure dinitrile and showed no
absorption at 13.25 microns (characteristic of all benzyl com-
pounds studied including bibenzyl). The steam distillation
residue gave tetrachlorohydroguinone di-‘(Z-cyano—e-propyl)ether,
howaver, no m.p. 166“10. "he crude residus gave a spectrum
which had nc sbsorption at 13.25 microns.

Decomposition of Azo-bis-isobhutyronitrile in Chlorobenzene

containing Chloranil was carried out and the products wWere
worked up as described for other experimentds. Yields are

summarized in Table I.

Attempted Syntheses of Tetrachlorohydroquinone Mono Benzy:

Ether. Several attempts were made to prepare this compound by
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3 ‘ the alkylation of the hydroquinone with benzyl chloride. With
' aqueous or alcohclic sodium hydroxide or with potassium carbe-
nate and &ry<acetone only unreacted hydroquinone and the diether

could be isolated. With sodium hydride in dry ether the start-

ing materials were recovered unchanged.

Preparation of tetrachlorohydroquinone dibenzyl ether.

Eight g. (0.03 mole) tetrachlorohydroquinone was added to 2.6 ge.
(0.065 moles) sodium hydroxide in 100 ml. water. The solution

was heated to reflux and 9.0 g (0.07 mcle} benzyl chioride

i Wt o o afcsann Y08 debaica

wes added dropwiss. ATrter the additlion was complete the solution
was refluxed for two more licuirse On cooling »a precipitate formed
vhich was recrystallized from 9f per cent ethanol, mepe 173¢5-
173.8% Anal. cale. for GpgHy)0,CL; C, 55.0; H, 3.28; €1, 33.2;
found; G, 57.8; H, 3.47; €1, 31.8.

Structure of Tetrachlorohydroquinore Monobenzylether. The

potentiometric vitration of ths substance in water solution

) ‘ﬁhﬁmﬂum o o QL A s

indicated an equivalence point at pH 8.4 The neutral squiva-
lent found was 332 as compared with the calculated value of

337. Since the compound could not be mada easily by alkylation

Ths monco was converted to the diether. A 0.5.g. zample of
the product from the decomposition of azo-bis-diethylacetonitrile

in toluene containing chloranil was dissolved in the minimum

reflux. The 0.2 ml. benzyl chioride was added dropwise and
the solution was rsfluxsd for four hours. A solid ssoypsrated

during tho heating period and after ~ooling it was extracted

i
|
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% ‘ with cthiers The ether was evaporated &nd the 30lid residue was

recrystallized from 95 per cent sthenol, m.p. 173-5° no depression

on admixture with suthentic material. The infrared spectrum was
{ also 1dentical with that of the authentic material.

Alkylation of tetrahydroquinonse nono (3-cyano-3-pantvl ether.

The proof of structure of the monotenzyl ether by conversion to
the dibenzyl ether involves the assumption that some other ether
would not be cleaved and then dibenzylated under the reaction
ccnditions. Since 1t 1s especlally important to demonstrate that
the substance was not the cyanoalkyl ether a small sample of the
lstter compound was benzylated under 1dentical conditions. The

white product was recrystallized from methancl and melted at

bt ol S DN ) o . e it et o s ke il S G

230-500 but derressed the melting point of authentic dibenzyl

ether.

Decomposition of w,W&'-2zotoluene in Toluene containing Chlora-

nil. A 2.46 g. (0.014 mole) sample of chleoranil and 0.2l g.

(0.001 mole) impure azo-bis-toluene were dissolved in 5CO ml,

toluene and hieated to reflux for 8 hours. After cooling, the
& solution was extracted with 10 per cent sedium hydroxide until

the extracts were clear. Acidification :

<

‘ f the aqueous sxtract
ﬁ with dilute sulfuric acid gave 0.29 g. (0.0009 mole) of mono-

| benzyl ether which after recrystallization from glacial acetic
acld melted at 139-40°, No products could be isolated from the

tarry residue from steam distillation of the oil phase frcm the

extraction,.

§
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Determination of Ketones. The determinations were carried

out by a variation of the method of Siggia (8). An aliquot of

(8) 8iggia, "Quantitative Analysis via Functional Groups%, Jchn
Wiley and Sons, Inc., New York (1949); pe 1T.

the test solution was pipetted intc 50 ml. of a hydroxylamine
hydrochloride solution (35 g. in 160 ml. distilled water diluted

to nne liter with 95 per cent ethancl). The liberated hydrecchloric

acid was titrated potentiometrically with either 0,2 or 0.5 N stan-

dard agusous sodium hydroxide. The precision of the determination,
evaluated by synthetic mixtures, was * 5 per cent.

For thoss samples which containea boih acetone and aceto-
phencne the total ketone and acetone contenta were determined
in separar~ samples. For ths latter the sample was pipetted
into &« special distilling flask equipped with a long right ungle
side arm ccntaining a condenssr in ths vertical portion. Ten
nmle. benzene {Baker and Adamson, thiophene free, reagent grade)
was added as a carrier., The acetone and benzene were then dis=
tilled over a water bath into 50 ml. hydroxylamine hydrocchloride
solution. This solution was then titrated as described above,

Determination of Alcohols. Methyl lithium (9) diesolved in

(9) H. Gilman, Zoellnsr and Selby, J. Am. Chem. Soc., 55, 1252
(1933). - -

in di1<n-butyl ether, was first equilibrated in a flask equipped
with & magnetic stirrer and connected to a gas buret, until the

volume of gas no longer varied (2-3 hours). After equilibration,

e

B i e e e i g A

T e ST




e el e

e e s —— . -

- 13 -

one or twe wl. of the sample was injected through a rubber
nipple by means of & hypodermic syring;. The soclution was
stirred and the volume was measured after vuriation caused

by the heat of the reaction had ceased. A blank of 0.87 ml.

for each mle. of solution was determined empirically and was sub-
tracted from each determination. The procision was ¢ 10 per

cent.

Decomposition of Peroxides. The peroxide was weighed in

a 50 ml. volumetric rflusk {(&pproxiuately 20 millimoles per

50 ml.) and diluted to the mark with cumene. Mixtures of
di-tert-buiyl percxide and di-o(-cumyl peroxide were prepared
by dissolving approximately 20 millimoles di-tert-butyl perox-
ide and a calenleted amount of the cumyl peroxide in 50 ml.

The smount was calculated to give approximaetely equal concentra-
tions of cumyloxy and tert-butoxy radiccis at the beginning of
the run. The calcnlations were based upon reported first order
10,11

rate constants The poroxide sample to be dscompossd was

(10) Raley, Rust and Vaughan, ibid., 70, 88, 95 (1948).
(11) Kharasch, Fono end Nudenberg, Je. Org. Chem. 16, 105 (1950}.

pipetted from the volumetric flask into a round bottomed, long-
necked flask with a constriction in the neck. The flask wac
chilled in an ice bath and evacuated witn a Cenco Hyvac pump.
Thie flask was sealed at the constriction while still evacuated
and allowed to come to room temperature.. The flask was then

immersed in a thermostated oil bath (132.5 * 0.2°) for a period

— - ——————
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calculatsd to give more than 99 per cent ccmpletionlc. From the

(12) It was assumed that tritihenylmethyl-tert-butyl percxide

decomposed at a rate comparable toc that of di-tert-butyl
peroxicdes

docomposition residues bi-X- cumyl, m.pe 117-8°, was isolated.
The decomposition of triphenylmetiyl tert-butyl perczide
always gave a yellow solution. ¥Prom the residue, besides biJK-

cumyl, an impure white solid, m.p. 16,-6°, was isolated. The

infrared spectrum was similar to that of triphenyl carbinol and

is believed to contain benzpinacol-diphenyl ether.

The solutions were anslyzed for ketones and alcohol as

described above. The results ars summarized in Table IIX.



Decomposition of Di-tert-aiky’

TABLE II

T YT RO Y ey

r:voxides (ROOR') in Cumsne at 172°,

Run R R Mnles geroxide[ Moles Moles Per Cent Per Cent
X10 Ke tope Alcohol Ketone Alcohol
I X10 X10
1 t-Bu | t-Bu | 20.47 7.25 31.25 17.7 The5
2 t-Bu | t-Bu ' 2400 8.10 16.9
3 $3C t-Bu 16.80 3.19 30.0 19.0 89.5
L |4cldm)p| 4C(CHyYp| 0.148 0.247 81
5 | t-Bu | t-Bu 24 .91 10,30° | 43.8 19.8 87.5
lgc(cr)|ge(aayp|  2.0819
6 t~Bu | t-Bu 28.15 C.96° 48.8 17.8 8L
(il ! qo(mgp | 0.0912
7 t-Bu | t-Bu 2L.3 10.58° 21.8
&(CHy), | 4C(CHI | 0,099
8 t-Bu | t-Bu 22.42 15,20 59.09 23.,48 69.5
t-Bu [ &3C 20.05
9 t-Bu | t-Bu 25.59 11.5§ 116,52 20.3 75.0
t-Bu |¢3C 5.343
a. Ketone yleld calculated on basis of t-butexy radical.

be Total ketonse.

ce Acetone only.
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TABLE III

Apparent Rates of AIBN Decomposition Measured by DFH

Disappearance in Carbon Tetrachloride

Run. EDRH%Q.?I}?B [A;B?l?/i.%02 T l;in) k, x 106 sec.”l
L3 0.278 2.640 60 |27 3425
Ll .278 3.96 60 |18.5 3.17
45 .511 34961 60 |29 3.71
B .128 1.321 60 |22 3467
51 .128 1.309 60 |25 3.32
5L 0639 0.639 60 |22 3449
56 +0639 - 36 60 |L2.6 3.61
57 0639 419 @0 |29.5 3.0y7
62 +630 L85y “0 10.5,1

102 0773 1492 62.5131.5 Le16

100 124 656 62,5 | 34 Le.6

103 .0773 Loz 231365 3,092
818 5023 62.5 11.81

|

le Rate of decomposition by nitrogen evolution,

2. Sealed tubs.
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TABLE IV
Apparent Rates of ALIBN Decomposition Measured by

‘"DPH Disappearance in Chlorobenzene

Run 7 (pF), x 103 faren) , x 202 ¢, Ky x 106
{m/1) (m/1) ~ (min)

68 60 8.1i43 0.649 27 6.82
69 60 0.0717 $32¢% 26 7.08
70 60 0.0717 195 40.5 757
71 &0 0.0717 | 455 25.25 6483
72 62.5 0.0717 «195 30 10.2
76  62.5 0.0717 257 2345 9479
71B  62.5 15.20 1s.4t
97  62.5 <133, 615 27.5 6.54°
{07 Thely 00665 0661 29.25 28.67
83B Tl 15.20 781

l. Rate of decomposition by nitrogen evolution.

2 Sealed %tube,
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Triphenylmethyl. The triphenylimsthyl was prepared from

triphenyicarbinol via triphenylchlororethane. The carbinol was
carefully purified, the steam distilled residue being recrystal-
lized several times from ethanol. The triphenylchlorometnane

wes made according to the Organic Synthesis procedurei3, The

13. Organic Synthesis, vol. 23, p. 100.

triphenylme thyl radical was then geuerated by vigorcusly stirring
the benzene solution of the chloride with mesrcury under a nitro-
gen atmosphere. The benzene used was the constant boiling portlon
of thiophene free benzene distilled through columns of ten theo-
retical plates or better and subsegusntly dried over sodium.

Fer the reactions in which the triphenylmethyl solutlon
was used directly, the solutions were analyzed either by the

benzoyl peroxide method,llt or by the oxygen absorption method.l5

14. ?. S.)Hammond, A. Ravve, F. Js Modic, Anal. Chem. 24, 1373,
1952) .

15. M. Gomberg, Ber. 33, 3150, Ber 37, 3538-i7.

Because of personal preferance, the latter was used exclusively
in the study of all the reactions of trityl. The earlier runs
were made in a non thermostated absorption appasratus and there-
fore are not as accurate as some of the later determinations.
Crystalline hexaphenylethene was sought after in various

ws7s. An apparatus similar to Gomberg'sl6 wus constructed, but

16. M. Gomberg and Cone Ber. 37, 2033-51.
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for some reason the triphenylmethyl cculd not he crystallized
_satisfactorily. Yellow solids containing relatively large amounts
of peroxide were the only prcducts obtainable. A dry box

flushed with Argon was tried, but with little success. Apparently
a couplete exclusion of oxygen is extremely difficult. Pinally,
a high vacuum system was constructed. Recrystellization was
tried by distilling solvents from one part of the system %o
another, and filtration was conducted by creating unequsl pres-
sures within the system by means of solvent reservoirs and stop-
cocks,. Even though care was talk:n tc thoroughly evacuate the
system initially and tc use solvents distilled under inert

gases, it was found that the longer and more numerous the opere-
tions the more impure the product obtained. The best result
obtained was a three Aay procedure in which the sclid residue
left after evaporating off ..» Denzene was washed with acetone,
This resulted i a white s0lid which gradually turned yellow
while still in the system. Analysis showed that 90.2% of the
welght was radicel. This does not take into account the
absorption of oxygen by the solid during weighing and trans-
ferring. This absorption was found to proceed such that about
20% of one so0lid sample becnme convertsd to oxygenated products
in a three hour period. 8ince hexaphenyiethans was still this
labile in the crystalline form, further experiments along these
lines were discontinued. It wus hoped at the time these experi-
ments were started that perhaps it might be possible to stockpile

large ocuantities of pure hexaphenylethane,
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Triphenyl-Methyl Quench. (a) A benzens solution of tri-

phenylme thyl which had besn prepared, but not used for a month
or so was quenched with methanol, lodine and pyridine. The
methanol and pyridine were sddsd in slight excess. The super-
natant liquid was then washed with approximately 20 cc of
distilled water followed by three 20 cc portions of thlorulfate
solution. The benzens layer was then dried under vacuum and the
residue chromatograpned. 1.0561 grams of triphsnylmethare and
.3402 grams of p-benzhydryltetraphenylmethane were reccvered.

A total of 2.8160 grams were recovei 2’ over a range of 118
fractions. The fact that products dribbled out over a wide
range of eluents suggests that a number of differant compounds
existed in the mixture.

(b) A freshly prepared benzene solution of triphenylmethyl
was quenchsd. A relatively large amount of triphen?lmethyl
ethyl ether was recoversd. However, & surprising amount of
p-benzhydryltraphenylmethane was ilsolated as well as triphenyl-
carbinol in somewhat lesser amounts. Although 203 fractions
were taken, the above three compounds seem to predominate,

{(c) A frashly prepared benzene solution of triphenylmethyl
was quenched with N-scetylethanolamine, but only oily and
colored precducts resulted.

(d) Tripnsnylmethyl solutions react with oxygen as described
by Gomberg.17 That the reaction gives side products besides the

17 M. Gamberg, Ber. 37, 3538')4-70
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main product of Jdstritylperoxide has been confirmed. The soliu-
tion slowly decomposing in the dry box in the presence of a
very small amount of oxygen gave more side products than the
exposure to atmospheric conditions. Gomberg states that the
reaction of trityl with gaseous oxygen is complete in two
minutes. However, it was found for a trityl and nitrosobenzene
reaction mixture that 12 minutes are required for a maxiuriu

oxygen absorption even with vigorous stirring.

Nitrobenzene. (a) Equal molar quantities of nitrobenzene

and trivhenylmethyl were mixed. After two montnz. the solution
still absprbed oxygen. Before the reaction mixture could be
warked up, several more months elapsed and the benzene had
diffused out through the rubber stopper and stopple. The
solid residue was taken up with acetone which left a solid resi-
due whose melting point corresponded tg that of peroxide. The
acetone wa? then evaporated off and the residue steam distilled.
A totsl of 0.165 grams of nitrobenzene was recovered as compared
to 0.196 grams of nitrobenzene originally introduced. Of the
total products r=::overed, the identified portions ware ditrityl-
peroxide, 0.1562 grams (6.5% of total), nitrobenzene 0.165 grams
(6.9%), %riphenylmethane 0.652% grams (27.2%), p-benzhydryltetra-
phenylmethane .2409 grams (10%4). and triphenylcarbinol 0.8680
grams (36.&%).

{b) Nitrobenzene was distilled irnto a flask containing

801id hexaphenyletnane in vacuum rack. The nitrobenzene was
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remcved by A*stillation under vacuum at room temperature. After
10 days, when only solid residue remained, the flask was taken
off of rack and a portion of the sticky solid analyzed¢ ty oxygen
absorptione. It was found that 27.2% of weight was still radical.
When flask Wwith solid was allowed to stand exposed to the atmos-
phere, the solid which waz originally a light yellow colcer turned
to a dark brown and finally to blacke. This black tar was dissolved
in acetone und transferred to an Erlemmeyer flack. Peroxide was
filtered off. At this point peroxide continued to form and was
also removed by filtration. Total peroxide recovered .2394
grams. Of the chromatographic fractions the following were
identifisd; triphenylmethane 0.2053 grams, p-benzhydryltetra-
phenylme thane 0.2088 grams, and triphenylcarbinol .8796 grams.,
‘he unidentified fractions total another .3785 grams.

(c} Nitrobsnzene and triphenylmethyl were mixed in the
vacuum rack under conditiors similar to that used in (bj. This
time the mixture was allowed t¢s stand under vacuum for thirty
days. The main quantity of nitrobenzene came off in about
six days. After that time a more or less constant small amount
collected in the trap svery dey. This small amount was stili
collecting at the end of the thirty day period vwhen the vacuum
system was accidentally broken. The so0lid residue was yellow
and quite hard. A sample was obtained for analysis by drilling

a hole in the so0lid with a spatulaﬂ This was so thaet a repre-

sentative sample, not just the solid occuring on tke surface,

P
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could be obtained. On oxygenation 32.4% of the weight of the é
sample was found to be apparent triphenylmethyl. 2Ttsr one 3
day the solid acquired an orange color on its surface. ALLSr
three days, snalysis showed only 18.5% triphenylmethyl activity. -
The surface had become somewhat sticky, but the interior

portions were still a dry yellow solid.

2

The mixture was then taken up in about 100 cc of acetone
and the insoluble material fiitered off. This wa3 assumed to
be the peroxide, but may have contained ecms p-benzhydryltetra-
phenylmethane. This acetone insolubie part weighed 2.5367
grams, In filtration, some of the filtrate was accidentally

spilled so that the remainder of the products could only be

el o RSt i it 5 it A i S ik e

determined in a relative manner. After stripping off the
acetone frum the filtrate, the residus was vacuum distilled
using a temperature of 80 to 85°. Nitrobenzene was obiained.

The weight after removal of a sample for refractive 1ndex

oo 2

determination was 0.632 g Chromatography of the residue on
glumina ylelded triphenylmethane, 0.3636 grams {194 of products

reccvered), and p-benzhydrytetraphenylme thane, 0.2357 grams (12%).

Fractions corresponding to approximately 304 of the products

recovered appear to be triphenylcartinol although characteri-

zation has not bsen completede A total of 18 per cent cf the

acetone soluble soiid was obtained in ldentifiable fractions.

Nitroschbenzene. Nitrosobenzene was prepared using directions

found in Organic Synthesis.l8 Purification was carried out by

FRER T REDRNE T e AW

| g 18. Orgenic Synthesis, Vol. 25, 80.
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recrystallizing from alcohol or by subliming. Better looking
material was obtalned by sublimation, -

A reaction was carried out using equlimolar quantities of
nitrosobenzens and triphenylmethyl. Trityl activity declined
fairly rapidly at first, but then leveled off. The reaction
mixture still absorbed su.ie oxygen after two weaks. Products
identiflied from the various oxygenated fractions were
azoxybenzene, p-benzhydryltetraphenylmethane, triphenylcarbinol,
triphenylme thane, and possibly tetraphenylmethane. The main
reection was set aside and lost in the perlod of interest in
other ficlds.

The appearance of azoxybenzene fram this reaction mixturs
is not surprising since a study of the thermal decomposition
voducts of nitrosobenzene shows that a large portion oi tho
products formed i1s szoxybenzene. A samvle of nitrosobenzene
which had stood in an open bottle in ths lab for same time had
turned to a dark Liack ilarry oil. This was jpoured on several
inches of alumina and successively eluted wiih solvents of
greeter polarity ranging from Skellysolve B fo benzene. Of the

total solids obtained, 70 percent was found to be azoxybenzene.

Trinitrocbenzene., An excess ~f Eastman white label tri-

nitro benzene was mixed with triphenylmetlyl in benzene. The
trityl activity decreased very rapldly at first. but it is
difficult to say whathsr this was due to a reaction or to an
inadvertant inclusicn of air into the reaction flesk. After the
initlal decrease the activity remained fairly constant. The

reaction is currently being worked up for products so the results
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are far from conclusive., However, it appears that triphenyl-
methans is obtained in smaller quantities than in thes
nitrobenzene reactions and that p-benzhydryltetraphenylmethane
is missinge Triphenylcarbinol is obtained, but the relative

quantity is undetermined.

Reaction of Ditriphenylmethyl Peroxide With Sulfuric Acids.

The ditrityiperoxide wes obtained by air oxidizing benzene
solutions of triphenylmethyl. This crude product was recrystsl-
lized by dissolving in boiling dioxane to the extent of .7 gm.
per 100 cc of solvent and immediately ceasing further heating.
The solution on standing overnite gave the crystals desired.

After the recrystallized peroxide was dried in a vacuum
dessicator, 1.5798 gms. were weighed out. About 25 cc of
concentrated HpSOp was then added. A dark black mixture was
obtained which did not noticeably turn warm., After 10 minutes,
crystals were still floating arcund in the sulfuriec acide. Afuer
about a half en hour; a hcmogeneous solution appeared to have
resulted so the mixture was poured on 500 cc of chopped ice.

The light brown solid was filtered on a Beuchner and sucked

free of excess water. The solid was then dissolved in sthner,
the ether dissolving all but a amall gmount ol colored residue
on the filter paper. The ether solution was washed with two
portions of dilute KOH, the first portion giving a brown colored
aqueous phase and the second portion a relatively clear aqueous

lJayer indicating that the seperation was essentially complcte.
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On acidification of the base solution, the color changed to a
light straw color. This acidified solution was extracted with
ether. On the third extraction, the ether was colorless although
the aqueous solution wss still slightliy colored. Thils agueous
solution would not decolorize bromine water. The ether fractions
were dried with calcium chloride and evaporated down to about

50 cec. The neutrel fraction was further evaporated to about

20 ce and Skelly A added. No precipltate formed as Gombergl9

19. Gomberg, Ibid,

reported. However on standing for two days, beautiful rhomboidal
crystals formed. These were flltered and weighed. Welght .7070 gms.
___________ here was nc wel
A second and third crop of crystals were obtained weighking .2777
and 4040 gms. respectively. The residue after svaporating off
the mother liquor weighed .,1133 gms. The residue of the base
soluble fractiun weighed .0508 gms. These fractions represent
a total 1.5628 gms. of resccvered products from the 1.5798 gms.

of peroxide originally reacted.

Benzophenone wWas ssearched for in the mother liquor residue

by washing with CClh and tsking infra red spectra of the CClu

solution. The excess ¢x3C0H was not very soluble in CClu. Attempts
were made to make carbcnyl derivatives (oxime, semicarbazcne)
from synthetic mixtures but were not uniformly successful.

Attempts to separate a synthetic mlxture by chromatography also

falled, at least in 1ts quantitative aspscts.
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The base scluble portion was found to absorb bromine wilth
evolution of HBr. However, efforts to sublime phenol failed
even though in synthe tic mixtures conteining phenol, the phenol
t¢ould readily be separated by sublimation techniquea. This
residue was then dissolved in acetone and evaporated on a sal?’

plate in crder to obtain infra-red apectrum.

RESULTS.

The yield of triphenylcarbinol in this sxperiment was
86.7% of actual weighed material. Estimates run the yieid up
as high as 91% basing the calculations on 2 mcles of ﬁ’BCOH

as being theorstictlly obtainable from each mole of peroxide.
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neilther the compound nor its derivative could be 1solated, an
estimate of .01l36 gms. was made by applying Beeris law to the
carbonyl frequency of the infra-red spectrum. Tﬁe estimate of
314 for the triphenylcarbinol is obtained b:. assuming that
what is not benzophenone is the nsutral fraction is triphenyl-
carbinol.

Tliesnol could not be isolated although its absence should
not be inferred from this failure. The residue was dried by
placing in a vacuum dessicater and pumping on it overnight. The
phenol if present, could well have sublimed off during this
procedure. The Interesting observation is that there is some
phenolic substance present which is n~t the simple phenol.

Th*a was shown by the non-sublimable solid absorbing bromine
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with evolution of HBre. The I. R. shows that there might also

be some sulfonated product present in this acidic fraction.

The ﬁsc-grouping, if present al ail, is certain}y not a major
constituent. All of the triphenylmethyl type compounds, but

one, in our collection show strong bends at 13.2¢4 and 1&.3-1&.%&.
There is a questiaonable bump in the spectrum in question ét 13.2
and one at 1.2,

Methacrylonitrile was washed with two percent aquecus

sodium hydroxide and with water to remove the stabilizer.
After drying over calcium chlcride the monomer was distilled
through an efficient columm under nitrogen. Material boiling

at 88.5-909, Nﬁzs, 1.3980 was used for subsequent studies.

Polymerization Experiments. Solutions were prepsared by

dissolving weighed amounts of azo~-bia-isobutyronitrile in

me thacrylonitrile. Samples were placed in constricted test
tubss which had been carefully cleaned and dried. Each sample
was degassed by freezing in & dry ice-acetone bath, evacuating
and flushing with nitrogen, the entire procedure tesing repeated
three times and the tubes were Iinally evacuated and sealed.

Trhe samples were heated in a thermostat at 62.,50. At intervals
tukbes were removed, cooled and opened. Polymer was precipitated
by pouring the sample into methanol. The polymer was then
reprecipitated twice by dissolving it in scstone and pouring it

Iinto methanol. Samples were then dried to constant weight.
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Viscosity measurements were made with acetone solutions in
an Ostwald viscometer having a flow time of 110 sec. at 25°.
Intrinsic viscosities /N /were calculated from the relationship,
Nap/C = N, whore C is the concentration of polymer in grams
per 100 ml. The results reported in Table ___ were cbtained

by extrapolation to infinite dilution.

TABIE V

Polymerization of Methacrylonitrile in bulk at 62-5©

Run /R1B7, x 103 éﬁig]éi 102 Polymerization N
moles/11 tex gz:zgnt“per -

5 87.6 29.6 1.944 0.13
5 29.2 17.1 1.230 0.20
7 1.6 12.1 1.017 0.85
8 9.7% 9.86 0.800 0.85
9 7.956 8.92 0.723 0.99
10 5.97 773 C. b6 _—

Our work confirms previous reports () showing that the

20. W. Kern and H. Pernow, J. Prakt. Chem. 16C, 302 (1942).

temperature interval 60-65° is convenient for the study of

me chacrylonitrile. polymerization. The product obtained is white
and granular and the polymerizstion rates at low conversions are
proportional to the square root of the initiatcr concentration as

is readily derived from the data in Table V.
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Discussion

These results will be treated In detall in forthcoming
publications but the significant conclusions or indications will
be pointed out at this time.

A major emphasis has been placed upon the study of "cage
effects® in thermal decompos) tiui rsactions. Such effecfs have
been frequently suggested as being of importance in determining
the fate of radical pairs produced in thermal deccnmipositions
and the concept has met with rather verying respocnse. It has
been our experience that much better understanding 1s achieved
by referring to the phenomena by the mors cumbersome but also

more specific deslignation of diffusion control of ths fate of

primary decomposition products. The concept of diffusion con-

trol of reactions such as this recombinatimon of reactive fres
radicals 1s commonly accepted and the "cage effect™ can be no
more nor leas than the mlicroscopic reverse of the former
phenomenon. Using this as a gulde we are able to draw up some
rough criteris asto the probabllity of occurence of important
cage effects in decompeosition resctions. The reaction which is
belleved to be subject to diffuslon control must neie:uerily be
one whose rate is 1likely to be as fast or faster than diffusion
rates In liquids. Thls criterion may furthermore be modified
somewhat to take account of dipole-dipole attraction which may
operate 1in such a way as to prolong contact between primary

products which have large dipoles (such as cyanoalkyl and acyloxy
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radicals), especially when they are produced in media with low
dielectric constants.

In a reinvestigation of the decomposition of di-tert-alkyl
peroxides we have failsd Lo confirm the conclusions of Khsrasch
and coworkers ( 5 ) that the fate of a givsn alkoxy radical
is influenced strongly by the identity of the parent peroxide.
Variations in the ketone/alcohol ratio (Teble I) may occur
but are small enough to tax cur analytical method. The chosen
method of anaelysis is dssigned to be much more sasccurate than
that employed by the earlier wWorkers and was carefully tested
for accuracy and precision. Since we have neither confirmed
the results in the literature nor established that no variations
occur it will be necessary to defer final judgement (and
publication) until furtner investigations can b2 completed. At
the present timc we feel that there is no unequivocal evidence
for procximity effects in the decomposition of diaslkyl peroxides
in cumene.

The study of the scavenging of primary products of the
decomposiftion of bis-azonitrilies by chloranil turned up a very
interesting phenomenon which was apparently missed completely
by BEickel and Waters (2 ). This is the fact that in tolusne

solution the following ecompounds are produced fron chloranil,

OCHxC¢Hg OC(R) 2CN OC(R)CN
¢ C1 c1 cl cl c1
C17\"C1 cl ¢l cl cl

U OH 0C(R)5CN
I 9 111
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Compound IITI is the only diether found after an exhaustive search

and we are ccnvinced that the unsymmetrical diether and the
dibenzyl ether wsre not produced in significant amounts. This
observation is difficult to reconcile with the rather obvious
mechanism for diether formation shown by equation (1); This

1 .c1 c1 Cl
RO 0 + Rl — RO ORL.

Cl c1 c 1

would require that the semiquinone radical with a benzyl group
attached to oxygen have a very different relative reactivity
in hydrogen abstraction and radical coupling rsactions than
the semiquinone in which R is the cyanoalkyl groupe. Two
explanations have been considered. The first is that two
cyanoalkyl rédicals produced in the thermal decompcszition
becorie attachad to chloranil before they have been separated
by diffusion. The second, which is suggested by other work in
these laboratories, is that the diether 1is formed, not by the
attack of a radical cn a semiguinone but by the reaction of a
radical with a molecular complex of chloranil with a radicsal,
We hope that more study can bs devoted to the problem but
2tend to publish the completed rssults shortly.

Tne very careful reinvestigation of the system nitro-
benzene~triphenylmethyl has shown that the previously reported
oxidation of triphenylmethyl by nitrobenzene can not be repeated.
W2 can only concluds ithai Lr. Raave'!'s sarly work was misleading

eilther becauss of the spurious inclusion of unknown catalytic
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materlials or because of his inaccurate observation of experi-
mental resultse.

The study of e thacrylmitrile polymerization was initiated
with the intention of comparing the chain transfer activity of
growing radical chains with that of analogous tertlery cyano-
alkyl radicals produced in the decomposition of azonitriles.
Since the data for ths latter is available (see accompanying
manuscript) for butyl mercaptan as a transfer sgsnt, 1t 1s
anticipated that Dr. Sen willl be able to complete the study
within the next few months as he will continue the work for &

short time with support from ancther source.
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